Objectives-To determine whether sonographic versions of physical examination techniques can accurately identify splenomegaly, Castell's method (Ann Intern Med 1967; 67:1265-1267, the sonographic Castell's method, spleen tip palpation, and the sonographic spleen tip technique were compared with reference measurements.
S
plenomegaly is common among patients with hematologic disorders and other medical conditions such as cirrhosis, infectious illnesses, and infiltrative disorders such as sarcoidosis and amyloidosis. 1 The ability to detect splenomegaly at the bedside allows the narrowing of differential diagnoses to hematologic, hepatic, infectious, and primary splenic disorders. 2 For example, the presence of a palpable spleen in a febrile return traveler from tropical countries significantly increases the likelihood of malaria. 2 Splenomegaly in a patient with substantial alcohol intake should prompt the consideration of portal hypertension. 3 Its presence in a patient with rheumatoid arthritis may prompt the diagnosis of Felty syndrome, and staging of chronic lymphocytic leukemia is dependent on its presence or absence. 5 Second, the detection of splenomegaly may potentially play a role in management decisions, such as the case for recommendations on when to resume contact sports in the setting of infectious mononucleosis 6, 7 and when to initiate treatment for certain hematologic conditions such as myelofibrosis. 8 Splenomegaly is also associated with esophageal varices. 3 Thus, its presence in a patient presenting with gastrointestinal hemorrhage should prompt the consideration of treatment with empiric vasoactive medications. 9 Last, although the left lower quadrant is the preferred needle insertion site for a paracentesis, 10 the right side may be preferred in the presence of splenomegaly to avoid splenic injury. 11 The traditional physical examination approach in detecting splenomegaly at the bedside involves percussion and palpation maneuvers. However, these maneuvers have several notable limitations. 2, 12 First, the sensitivity of palpation is rather low, ranging from 18% to 78%. 2 As such, it would not be recommended to rule out splenomegaly at the bedside based on physical examination techniques alone, especially in the context of a patient with a high pretest probability of having splenomegaly. 12, 13 Percussion techniques may result in higher sensitivity. For example, Castell's method 14 may result in sensitivity as high as 82%. 15 However, depending on the examiner executing the maneuver, the sensitivity could be as low as 23%, 16 as inter-rater reliability is quite poor (concordance coefficient as low as 0.3). 16 Second, whereas the specificity of palpation techniques may be as high as 99% to 100%, 2, 17 inter-rater reliability of palpation techniques is also quite variable, ranging between j values of 0.56 to 0.70. 18 Last, the diagnostic accuracy of physical examination techniques is limited by patient factors such as obesity, recent food intake, a small body habitus, and well-developed abdominal muscles. 13, 18, 19 In addition, patients who are unable or refuse to comply with the physical examination also pose a challenge.
Despite these limitations, the ability to clinically detect splenomegaly at the bedside remains an expectation for graduates of internal medicine training programs in Canada. 20 Ideally, practitioners should be able to diagnose splenomegaly accurately at the bedside. A commonly used reference standard for diagnosing splenomegaly uses sonography, typically defined as a spleen length measuring greater than 12 cm in the cephalocaudal axis. 21, 22 However, timely access to formal diagnostic sonography is not always possible or feasible. With the increased availability of portable ultrasound technology, there may be a role for bedside sonography in the detection of splenomegaly. 23 In a recent study, with limited training of less than 1 hour in duration on the use of point-of-care sonography, participants using both point-of-care sonography and physical examination techniques were able to improve sensitivity in diagnosing splenomegaly in hospitalized patients. 24 We have previously demonstrated that with limited training, medical residents' measurements of spleen size correlated strongly and significantly with sonographers' measurements. 25 Although longitudinal measurements of spleen size are the reference standard, this approach may pose a challenge to novice sonographers. For example, limitations in the availability of appropriate acoustic windows or a limited sector width require the need to extrapolate to come up with a measurement, which may limit diagnostic accuracy. 25 Furthermore, failure to image the spleen in the correct longitudinal plane may result in falsely low measurements. As such, for point-of-care sonography clinicians, a simplified and more intuitive approach to using sonography at the bedside for detecting splenomegaly may be preferred. Specifically, we hypothesized that there may be a role or the use of point-of-care sonography in a way that more directly correlates with current bedside physical examination techniques, such as Castell's method and the splenic palpation technique for the spleen tip, 13, 14 by performing what we term the sonographic Castell's method and the sonographic spleen tip technique, respectively.
To perform the sonographic Castell's method, rather than percussing in the lowest intercostal space in the anterior axillary line, 13 the transducer is placed in the same anatomic location where one would percuss. The result is considered positive if the spleen tip is visualized during either inspiration or expiration ( Figure 1) . 2 To perform the sonographic spleen tip technique, instead of palpating for a spleen tip just beneath the left costal margin, 13 the clinician places the transducer in that same anatomic location. The result is considered positive if the spleen tip is visualized before or during inspiration ( Figure 2 ). This study sought to compare the diagnostic accuracy of the two aforementioned traditional physical examination techniques and their corresponding sonographic maneuvers and to evaluate the inter-rater reliability of these methods.
Materials and Methods
We invited patients followed by a single hematologist (L.Y.C.C.) in an ambulatory hematology clinic between December 2015 and April 2016 to participate in this study. We chose a hematology clinic because patients seen at this clinic have a higher pretest probability of splenomegaly than patients seen at other medical clinics. Patients were excluded from the study if they required contact precautions because of the anticipated difficulty with properly executing the percussion technique (Castell's method) while wearing gloves. Patients were also excluded if they were unable to lie supine, were pregnant, or did not provide written consent. This study was approved by the Clinical Research Ethics Board at the University of British Columbia (H15-01574-A004).
Study Protocol
Consenting patients were examined first by 2 cliniciansonographers (T.C. and S.A.) and subsequently by a trained professional sonographer (C.E.), whose measurements served as the reference standard. Both clinician-sonographers are general internists certified by the Royal College of Physicians and Surgeons of Canada and have completed a minimum of 6 months of fellowship training in point-of-care sonography. Clinician-sonographer A first performed the traditional Castell's method (by percussing over the lowest intercostal space in the anterior axillary line), followed by the splenic palpation technique by palpating just beneath the left costal margin, with the patient in the supine position.
2,13 The Castell's method result was considered positive if the percussion note was noted to be dull or became dull with full inspiration. 13, 14 The splenic palpation technique result was considered positive if the spleen tip was palpable before and/or during inspiration. 13 Clinician-sonographer B then performed the sonographic Castell's method using a portable handheld ultrasound device (V-Scan; GE Healthcare, Chicago, IL) by placing the low-frequency (1.7-to 3.8-MHz) transducer in the lowest intercostal space in the anterior axillary line, with the patient in the supine position. The examination result was considered positive if the spleen tip was visible or became visible during inspiration. This procedure was then followed by performance of the sonographic spleen tip technique, in which the transducer was placed just beneath the left costal margin with the patient also in the supine position. The sonographic spleen tip technique result was considered positive if the spleen tip was visualized before or during inspiration.
The whole process was then repeated with cliniciansonographer A performing the sonographic examination as outlined above, followed by clinician-sonographer B performing the physical examination as outlined above. The order of which clinician-sonographer performed which technique (physical versus sonographic examination) was alternated for each patient to ensure that sonographic findings were not consistently influencing physical examination findings and vice versa for any given clinician-sonographer.
Confidence in all findings was noted on a 5-point Likert scale (1, not at all confident; to 5, very confident). All maneuvers were timed by a research assistant. All sonographic findings were video recorded in an anonymized fashion for quality assurance purposes.
After the above procedures, a trained professional sonographer (C.E.), certified by the American Registry for Diagnostic Medical Sonography and the Canadian Diagnostic Ultrasound Registry, measured the spleen by the standard practice, 22 using a conventional device (LOGIQ e; GE Healthcare). This measurement served as the reference standard. All 3 sonographers were blinded to each other's findings.
Study Outcomes
The primary outcomes of interest were as follows: (1) diagnostic accuracies of physical examination and sonographic findings compared with the reference standard; and (2) inter-rater reliability of physical examination and sonographic findings. Secondary outcomes included the time required to perform the physical examination and sonographic maneuvers and overall confidence in these results.
We defined the presence of splenomegaly as a measurement of 13 cm or greater, as documented by the trained professional sonographer. 16, 18 Data from clinician-sonographer B were used for the purposes for inter-rater reliability only.
Acceptability of the video recording quality was evaluated by an independent sonography expert (I.W.Y.M.), who was blinded to the reference standard, the clinician-sonographers, and their findings. Video adequacy was judged on the basis of global assessments of appropriate use of the gain and depth, the ability to visualize the spleen, and having a minimum of 2 acceptable videos per patient (1 for each sonographic technique).
Statistical Analyses
We used Fisher exact tests and Student t tests to compare baseline variables between groups. Confidence levels between groups were compared by Mann-Whitney 2-sample rank sum tests. Agreement between physical examination and sonographic findings and inter-rater reliability was assessed by j statistics, which are considered slight if between 0 and 0.2, fair if 0.21 to 0.4, moderate if 0.41 to 0.6, substantial if 0.61 to 0.8, and almost perfect if 0.81 or higher. 26 The diagnostic accuracy of physical examination and sonographic techniques was compared to the reference standard by using sensitivities, specificities, positive predictive values, negative predictive values, and likelihood ratios. Two-sided P < .05 was considered significant. All statistical analyses were performed with Stata version 11.2 software (StataCorp LP, College Station, TX).
Results
Fifty-eight eligible patients were invited to participate. Of these, 19 patients (33%) consented to participate in the study. Of these, 12 patients had an enlarged spleen (defined as 13, measured by a trained professional sonographer). Baseline characteristics of the patients included in this study are listed in Table 1 . The quality of archived images for each patient was considered acceptable based on an independent expert quality assurance review.
Traditional Castell's Method
Of the 12 patients with enlarged spleens, the traditional Castell's method results were positive for 10 of these. Of the 7 patients with normal spleens, results from the Castell's method were negative for 5 of these. Sensitivity was 83.3%; specificity was 71.4%; the positive likelihood ratio was 2.92; and the negative likelihood ratio was 0.23 (Table 2 ). Agreement between traditional Castell's method's detection of splenomegaly and the reference standard was only moderate (j 5 0.55; Table 2 ).
Inter-rater reliability between clinician-sonographers was moderate (j 5 0.45; Table 2 ). The maneuver took 18.8 6 8.1 seconds to complete, with a median confidence rating of 4 (Table 3) .
Sonographic Castell's Method
Of the 12 patients with enlarged spleens, the sonographic Castell's method detected 11 of these. Of the 7 patients with normal spleens, the sonographic Castell's method results were negative for 6 of these. Sensitivity was 91.7%; specificity was 85.7%; the positive likelihood ratio was 6.42; and the negative likelihood ratio was 0.10 (Table 2) . Agreement between the sonographic Castell's method and the reference standard was substantial (j 5 0.77; Table 2 ). Inter-rater reliability between clinician-sonographers was moderate (j 5 0.42; Table Data are presented as mean 6 SD where applicable. a Large spleens were those that measured 13 cm or greater in length. 2). The maneuver took significantly longer than the traditional Castell's method (Table 3 ). The confidence rating for the sonographic Castell's method was significantly higher than that for the traditional Castell's method (Table 3) .
Traditional Splenic Palpation Technique
Of the 12 patients with enlarged spleens, the traditional splenic palpation technique results were positive for 4 of these. Of the 7 patients with normal spleens, the splenic palpation technique results were negative for all of these. Sensitivity was 33.3%; specificity was 100%; the positive likelihood ratio was infinity; and the negative likelihood ratio was 0.67 (Table 2) . Agreement between traditional spleen tip palpation and the reference standard was only fair (j 5 0.27; Table 2 ).
Inter-rater reliability between clinician-sonographers was fair (j 5 0.38; Table 2 ). The maneuver took 29.2 6 13.4 seconds to complete, with a median confidence rating of 3 (Table 3) .
Sonographic Spleen Tip Technique
Of the 12 patients with enlarged spleens, the sonographic spleen tip technique results were positive for 7 of these. Of the 7 patients with normal spleens, the sonographic spleen technique results were negative for all of these. Sensitivity was 58.3%; specificity was 100%; the positive likelihood ratio was infinity; and the negative likelihood ratio was 0.42 (Table 2) . Agreement between sonographic spleen tip visualization and the reference standard was moderate (j 5 0.51; Table  2 ). Inter-rater reliability between the traditional spleen tip palpation technique and the sonographic spleen tip technique was fair (j 5 0.23; Table 2 ). The maneuver took 32.1 6 17.8 seconds to complete, which was not significantly longer than the amount of time taken to palpate (29.2 6 13.4 seconds; P 5 .53; Table 3 ). Confidence, however, was significantly higher for sonography than palpation (Table 3) .
Discussion
Our study demonstrates that the sonographic versions of traditional physical examination maneuvers, namely, the sonographic Castell's method and sonographic spleen tip technique, yielded superior diagnostic accuracy than the traditional examination techniques. Sensitivity, specificity, positive likelihood ratios, and agreement with the reference standard were higher, and negative likelihood ratios were lower. The sonographic Castell's method took significantly longer to perform than the physical examination. However, self-reported confidence was significantly higher for sonography compared with the physical examination techniques.
Based on these results, our findings suggest that a combination of physical examination and sonographic techniques would be beneficial in the bedside assessment for splenomegaly. Specifically, given the high sensitivity of the traditional Castell's method and the rapidity with which the examination can be performed, our results suggest that it would be reasonable to start the examination with this percussion technique, which is in keeping with conventional teaching. 12, 13 If the traditional Castell's examination result is negative, the clinician should consider performing the sonographic Castell's method, given its higher sensitivity and lower negative likelihood ratio (Figure 3) . If the sonographic Castell's method result is also negative, the decision to proceed to formal imaging studies should then take into account the pretest probability of splenomegaly.
If either the traditional or sonographic Castell's method result is positive, the clinician should proceed to palpation. If the palpation result is positive, given its high specificity, the patient very likely has splenomegaly. Performing the bedside sonographic spleen tip technique is unlikely to add any additional value to the examination. Formal imaging could be considered at this point for documentation purposes for the formal assessment of spleen length. However, if the spleen tip is not palpable, the clinician should then perform the sonographic spleen tip technique given its higher sensitivity and lower negative likelihood ratio. In our study, an additional 3 enlarged spleen tips that were not palpable on physical examination were identifiable by the sonographic spleen tip technique.
This algorithm allows the use of point-of-care sonography to directly augment existing physical examination techniques. As per standard practice, we recommend confirming findings at the bedside with formal sonography, especially in settings where bedside documentation and imaging archiving are not feasible or available, the clinician-sonographers are untrained or inadequately trained, diagnostic accuracy regarding the presence or absence of splenomegaly is of critical importance, and accurate serial monitoring of spleen measurements is needed. In addition, if the results of the examination, including the use of bedside sonography, are negative but the pretest probability of splenomegaly is high, formal sonography would be recommended to definitively rule out splenomegaly, as none of the outlined maneuvers' sensitivity is high enough to rule out its presence.
Our study had several limitations. First, it was a single-center study, and the study was conducted in a patient population known to have a high prevalence of splenomegaly. Indeed, 63% of our patient sample had enlarged spleens. The diagnostic accuracy of these sonographic maneuvers may not be as robust for unselected patient populations. Second, given the onerous nature of our research protocol (series of physical examinations and sonographic examinations by 3 researchers), the sample size in our study was relatively small, and our response rate was only 33%. Third, we did not evaluate Nixon's method 27 in our study, which potentially may have minimally higher specificity than the splenic palpation technique (up to 95% versus 94% specificity, respectively). 2 Nixon's maneuver involves placing the patient in a right lateral decubitus position and percussing in a line perpendicular to the left costal margin. Dullness to percussion extending greater than 8 cm from the costal margin is considered a positive result. From a research protocol standpoint, we thought that we would not be able to standardize exact patient positioning between multiple sonographers; therefore, we did not include this method in our study. However, since the specificity of the sonographic spleen tip maneuver was 100% in our study, the addition of Nixon's method was unlikely to substantially improve our described protocol's diagnostic performance. Future studies may consider evaluating a sonographic equivalence of Nixon's method. Fourth, our clinician-sonographers both completed a point-of-care sonography fellowship. Despite this fact, our inter-rater reliability ranged from fair to moderate (0.23 to 0.45). The role of training should be further evaluated. Fifth, our reference standard was obtained by using a portable device rather than a conventional full-size ultrasound machine. However, we had previously demonstrated high correlations between results obtained from a portable device with those obtained from a full-size machine. 23 Sixth, although the sequence of the research protocol was such that we aimed to minimize immediate recall by the cliniciansonographers regarding findings from the physical examination versus findings from their subsequent sonographic examination and vice versa, by involving an intervening clinician-sonographer who scanned or performed physical examinations in between, we cannot rule out the possibility that the findings from one technique may have influenced the subsequent technique. Finally, we did not incorporate a more-comprehensive approach to bedside scanning such as identifying free abdominal fluid/ascites 28 or evaluating for the presence of liver parenchymal abnormalities and evidence of cirrhosis. Incorporation of some of these additional techniques may help further refine the pretest probability of patients having splenomegaly.
Despite these limitations, these results do add to the existing literature on the role of bedside sonography in the assessment for splenomegaly. To our knowledge, we are the first to describe these sonographic versions of traditional physical examination maneuvers. For physicians who are new to sonography, these techniques may be more intuitive and potentially easier to learn than standard sonographic measurements. Second, these simple maneuvers yielded superior diagnostic accuracy than existing physical examination maneuvers. Future studies should evaluate training needs for these new sonographic techniques.
In conclusion, our study results show that sonographic versions of the Castell's method and spleen tip technique have higher sensitivity and specificity than the traditional physical examination techniques. However, these sonographic maneuvers take longer to perform and have lower inter-rater reliability but higher confidence. Their use in conjunction with physical examination maneuvers can help improve diagnostic accuracy at the bedside.
